Objective A pay-for-performance (P4P) programme for primary care was introduced in 2011 by a Swedish county (with 1.6 million inhabitants). Effects on register entry practice and comparability of data for patients with diabetes mellitus were assessed. Design and setting Observational study analysing short-term outcomes before and after introduction of a P4P programme in the study county as compared with a reference county. Subjects A total of 84 053 patients reported to the National Diabetes Register by 349 primary care units.
Introduction
A pay-for-performance (P4P) programme covering 40 clinical indicators was introduced in 2011 by the Västra Gö taland Region (VGR) of Sweden [1] . For diabetes mellitus (DM) care, financial incentives were linked to nine indicators covering register entry and the fulfilment of intermediate medical targets. Register entry and thereby reporting quality was remunerated better than medical target achievement. P4P payment was based on data in the National Diabetes Register (NDR) [2] .
Evidence for the effectiveness of P4P is inconclusive [3] [4] [5] . The National Health Service in the UK uses a similar payment programme, which demonstrated increased quality of care for the first year after introduction [6] . Concern has been expressed that adoption of P4P might elicit behaviours that jeopardize data quality, such as exclusion of patients who are not likely to reach the targets [7, 8] . In order to use national registers as a basis for quality improvement and reimbursement, data quality must be consistent for all providers. Good reporting quality and completeness of data are important, at both the care unit and patient level [9] .
The effects of a P4P payment programme in a Swedish context that is based on national quality register data and that focuses on register entry quality have not been studied previously. An influx of patients and results that have not been entered previously may influence the comparability of care providers. Increased knowledge of the effects of poor reporting quality and thereby of missing data is needed.
Our aim was to assess the effects of the payment programme that had been adopted on register entry practice for individuals with DM by using patient data in the NDR. Register data quality and comparability were studied by evaluating characteristics of new patients and data that were entered after introduction of the P4P payment programme.
Material and methods

Study basis
A new P4P payment programme was introduced by VGR (the study county) on 1 January 2011. To avoid uncontrolled changes over time we included and compared data from 2010 and 2011. We chose the Skåne Region as the reference county because it is similar to VGR in terms of its primary care organization including population choice and enrolment with a primary care unit, responsibility for expenditures and the gross structure of the payment programme [10] . Both counties used a fixedpayment approach for enrolled individuals (capitation) to primary care units based on age, sex, socio-economic indicators, diagnostic classification, etc. There was no payment for patient visits or contacts. NDR patient entry (regardless of the completeness of data) was rewarded in both counties during the study period. The counties are demographically similar in terms of urban and rural areas. The population of the study county in 2011 was 1.6 million and it had 200 primary care units. The reference county had 1.3 million inhabitants and 149 primary care units [11] .
After introduction of the P4P programme a maximum of 4% of the total income of primary care units was based on quality indicators, approximately one-quarter of which was accounted for by DM care [1] . Participation of a care unit in the incentive programme was mandatory and there was no system for excluding patients. The P4P programme in the study county rewarded NDR patient entry in the same way as before, as well as the percentage of patients with:
(1) a recorded value of HbA1c, BP, LDL cholesterol, albuminuria and smoking respectively; (2) HbA1c552 mmol/mol; (3) BP5130/80 mmHg; (4) LDL cholesterol52.5 mmol/l.
Of payment linked to quality indicators, 79% involved register entry (patients 53%, separate variables in accordance with no. 1 above 5.3% each) and 21% involved intermediate medical outcomes (HbA1c and BP 5.3% each, LDL cholesterol 10.5%). The threshold for full compensation was set below 100% for all quality indicators; for example full compensation is achieved when 65% of the patients reach BP 5130/80.
The NDR was launched in 1996 as a nationwide, population-based register for quality improvement of DM care [2] . Annual reporting to the register is performed by separate care units either online or through databases of clinical records. All included patients gave their informed consent. The register covers approximately 85% of Swedish patients with DM [12] . The data included in the NDR are year of diagnosis, cardiovascular comorbidity, diabetes and other medical treatment, blood pressure (BP), glycated haemoglobin (HbA1c), low-density lipoprotein (LDL), occurrence of albuminuria, and smoking habits. The Regional Ethical Review Board at the University of Gothenburg approved this study.
Study subjects
We obtained patient data from the NDR for the study and reference county in 2008-2011. All patients entered in the register in 2010 or 2011 for the study and reference county were included, with the exception of those who moved from one to the other between 2010 and 2011. Data for 2008-2009 were used in order to determine which patients or patient data were new to the register in 2010-2011, i.e. not having been entered for the previous two years.
Analyses were performed for patients age 18-79, the range covered by the payment programme. A total of 97% of DM cases in Swedish primary care are classified as type 2 diabetes [12] . Thus, no distinction was made between whether a patient had been diagnosed with type 1 or 2 diabetes and all DM patients in primary care were included.
Data were collected in accordance with the last observation carried forward (LOCF) method. In other words, the latest entry of each variable was used for each successive year.
The descriptive clinical characteristics were age, sex, diabetes duration, BMI, albuminuria, and smoking habits. The outcome measures were HbA1c, BP, LDL cholesterol, and the percentage of patients who reached the targets: HbA1c552 mmol/mol, BP5130/80 mmHg, and LDL cholesterol52.5 mmol/l.
Statistical methods
Descriptive statistics are presented using the arithmetic mean and standard deviation for continuous variables, as well as frequencies and percentages for categorical variables. Statistical significance tests were based on Student's t-test for continuous variables and the chisquare test for categorical variables. For continuous dependent variables an ANCOVA model with correction for covariates was used to adjust for possible confounders: sex, DM duration, and age. A generalized linear model was used for binary dependent variables. All hypothesis tests have a two-sided alternative hypothesis; a p-value50.05 was considered statistically significant.
The amount of data missing from the NDR varies between patients. For each variable analysed, all patients for whom the information was available are included in the associated analyses. For example a patient, with a BP value but no information about smoking habits is included in the analysis of BP mean but not in the estimate of smoking prevalence.
For statistical analyses, we used SPSS version 20.0 (SPSS Inc., Chicago, USA).
Results
Descriptive data
Descriptive data are given in Table 1 . Demographic data in each county did not change from year to year. Patients in the study county were significantly older than patients in the reference county, although the difference was small in size. The total number of registered patients increased in both counties (see Table 1 ).
In the study county, there were significant improvements for the levels of HbA1c, BP, and LDL cholesterol from 2010 to 2011. In the reference county an improvement was seen for HbA1c and LDL cholesterol but not for BP. The change in the percentage of patients who reached the BP target (5130/80) in the study county was pronounced and corresponded only to a small change in systolic and diastolic blood pressure level. The improvement from 2010 to 2011 was significantly greater in the study county than the reference county when it came to target achievement for HbA1c, BP, and LDL cholesterol.
New patients
Levels of HbA1c, BP, and LDL cholesterol were significantly poorer and treatment intensity was lower for new than for existing patients in the register 2011 (see Table 2 ). New patients are younger than existing patients and the results are adjusted for this using an ANCOVA model.
New data
There was a significant increase in the percentage of patients with entry of all variables (HbA1c, BP, LDL cholesterol, albuminuria, and smoking) in the study county: 71.6% vs. 56.7% (see Table 3 ). In the reference county, entry rates were lower for four out of five variables.
The variable entry rate that increased most in the study county was for LDL cholesterol: 17.8% (see Table 3 
Blood pressure
In the study county, the percentage of patients with BP just below the target values increased significantly (see Table 4 ). BP entry was unaltered for all categories in the reference county.
To better describe the impact of new BP reporting around the threshold on the overall decrease in mean BP between the years, we analysed mean systolic BP (SBP) for 2011 throughout the range of systolic BP for 2010 (Figure 1) .
The lower SBP in the study county for 2011 as seen in Table 1 
Discussion
Statement of principal findings
Significant and clinically relevant changes in register entry behaviour were seen after adoption of a detailed P4P payment programme. Data quality increased in terms of patient coverage and completeness of data. Newly recruited patients and data differed from existing patients suggesting that there are comparability problems when coverage is low.
Strengths and weaknesses
Data are comprehensive and reliable due to a high degree of automated data collection and the absence of a system for excluding patients, leading to high coverage in the NDR. Although this is a short-term study, we observed distinct changes in entry practice. Separating out the effects of intervention in a natural experiment is a well-known problem (4). However, we were partly able to overcome the problem by using a reference county, since Swedish regions design their payment programmes independently, and by restricting the study period to one year [10] .
Findings in relation to other studies
Our results concerning increased register entry and completeness of data concur well with findings in previous studies [6, 7, [13] [14] [15] [16] [17] [18] . The most detailed reports describe the Quality and Outcomes Framework (QoF) in the UK. An important difference between the payment programme in the study county and QoF is that payment linked to reporting quality in DM care accounts for 15% in the UK, as opposed to over 75% in our study county. The P4P component of the payment programme in the study county, however, accounts for a substantially smaller proportion of total revenues for primary care practices (approximately 4%) than with QoF (approximately 25%). Thus, P4P in DM care accounts for about 1% as opposed to 2.5% of total revenues [1, 13, 19] . Although a smaller portion of payment was linked to P4P in the study county -primarily for register entry rather than medical outcomes -there was a significant impact on care provider behaviour. Care provider behaviour, under a payment programme with a high degree of fixed capitated payment, has earlier been shown to be responsive also to a small size P4P programme [20] . As in earlier studies, a better baseline value was associated with poorer improvement [15] . For example, in the study county the register data entry of LDL cholesterol increased from 70.2% to 82.7% while for HbA1c the increase was only 0.9 percentage points from 94.4% to 95.3%. Importantly, we found that patients who were not newly diagnosed but were entered in the register after the introduction of the payment programme were less well controlled for HbA1c, BP, and LDL cholesterol than patients who had already been entered. We also found that new LDL cholesterol values for previously known patients were higher than for patients with repeated entries. A similar result was seen for patients not included in a clinical surgical database -their outcomes were worse than included patients [21] . This also implies that patients and data that are missing from a register can cause performance to be overestimated and more importantly that not all patients with the greatest need of treatment improvement are included in the quality register. A problem that has been discussed in other studies is the exclusion of patients who are less likely to reach treatment goals [7, 8] . When introducing a payment programme that rewards well-treated patients, one concern is that patients who are difficult to treat may be excluded. This concern is not supported by our study, most likely due to the design of the payment programme, given that the emphasis is on register entry quality rather than medical outcomes.
In line with earlier studies, we saw a changed reporting of BP readings around the target value with an increased preference for BP values just below the target [22, 23] . We also noticed an avoidance of the threshold value that did not qualify for payment. In an earlier study, there was an increased preference for sub-target end digits, and the proportion of zero enddigit readings declined after the introduction of a P4P programme that incentivized BP [23] . Despite an altered entry pattern around the threshold value and a substantially higher percentage of patients who reached the target, blood pressure was only moderately lower. Our data indicate that the decrease in blood pressure reflected the higher range (4140) and not the area around the threshold. The impact of financial incentives on register entry behaviour in the study county was also demonstrated in a study in which diagnosis entry behaviour changed when payment was linked to a case-mix index based on diagnoses by which chronic diseases qualified for higher remuneration than minor health problems [24] .
A problem with financial incentives linked to targets is that the primary focus may be on keeping as many patients as possible below the target, ignoring mean value, variation, and improvement over time [25] . We could not confirm such a behaviour in our study. The percentage of patients with poorly controlled DM (HbA1c472 mmol/mol) did not increase in this study and despite effect on register entry behaviour for blood pressure around the target, there was a decrease in higher blood pressures levels for many patients. More importantly, more patients at greater risk were included in the register during the study.
Conclusion
In summary, P4P led to increased register entry and completeness of data. Newly recruited patients who were entered during the incentive programme were less well controlled for the studied risk factors than existing patients. The same applied to newly recruited data. Thus, patients and data that are missing from a quality register can cause performance to be overestimated. A payment programme, such as the one implemented in the study county, favours register entry aspects and thereby gives the possibility to promote inclusion of patients who need a systematic quality improvement effort.
It is important to consider effects on reporting quality when designing payment programmes and when using register data for comparing care providers.
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